[Abstract] The primary aerial surfaces of all land plants are coated by a lipidic cuticle, which restricts non-stomatal water loss and protects the plant from pathogens, herbivores, and ultraviolet radiation. The cuticle is made up of two components: cutin, a polymer of hydroxy-and epoxy-long-chain fatty acid derivatives and glycerol, and cuticular waxes, which are derivatives of very-long-chain fatty acids. While chemical analysis of cutin can be a lengthy and technically challenging task, analysis of cuticular waxes is relatively simple, and can be routinely used to characterize different plant species, adaptations of a given species to environmental conditions, or mutant phenotypes. Here, we present a protocol tailored for the analysis of cuticular waxes on the surface of the model organism Arabidopsis thaliana. Because cuticular waxes are found on the outermost surface of the plant, the wax extraction process is very simple, and sample processing can be completed in less than one day. Chemical analysis involves quantitation of wax monomers by gas chromatography coupled with flame ionization detection (GC/FID), and identification of wax monomers by either mass spectrometry or comparison of retention times of individual wax components to those of known standards.
Nitrogen gas (Praxair NI
1. Prepare a 1 µg/µl internal standard by dissolving 500 µg tetracosane in 500 µl chloroform. If you expect to be analyzing waxes routinely, scale this up to make a large stock, and aliquot known amounts of the stock in 1.5 ml GC vials. Allow the chloroform to evaporate off, seal the vials, and store at 4 °C. Resuspend the aliquots in chloroform to their initial volume as required for immediate use.
2. Prepare one 11 ml glass tube for each sample you will collect. We recommend using 3-6 technical replicates for each genotype you are investigating. Rinse all glass tubes with chloroform three times before you begin. Then, fill the tubes with approximately 10 ml chloroform, and add 10 µl internal standard to each sample. It is critical to remember to include a set of wild-type samples as a positive control every time you do a wax analysis experiment. Wax load and composition can vary greatly depending on the conditions your 
ROSETTE LEAVES:
Rosette leaf wax extraction and image capture for area calculation.
As with stems, take care to minimize sample handling, and use forceps, not your hands, whenever possible. a. Arabidopsis rosette leaves carry approximately 10% of the wax load found on inflorescence stems. Therefore, you will need to collect more leaf tissue to complete your analysis. Aim to collect at least 6 leaves for each replicate. Also, you will likely Copyright © 2013 The Authors; exclusive licensee Bio-protocol LLC.
http://www.bio-protocol.org/e782 Vol 3, Iss 11, Jun 05, 2013 find more variability in leaf wax composition and load than you will for stem, so using more technical replicates for each genotype (5-8) is advisable.
b. As rosette leaves of Arabidopsis are often curved and warped, it is difficult to calculate their area based on a 2D image. Our solution is to first dip leaves in chloroform for 30 sec, then, after the wax has been extracted and the leaf is limp and coated with solvent, spread the leaf flat on a plastic transparency sheet. The transparency sheet will melt very slightly with the chloroform, helping to hold the leaf flat. Label each sample by writing on the transparency sheet (Figure 2 ).
c. Repeat for all leaves for each replicate, and all replicates for each genotype.
Photograph the samples after wax extraction, with the labels and ruler or size marker in view. Photographs will be used later to calculate stem surface area.
d. Try to work quickly, as the leaves will eventually dry out after wax extraction, and your area calculation will be inaccurate if you do not photograph the samples quickly enough. 5. After the solvent has dried off, you should be able to see a white film of wax at the bottom of each tube. Resuspend this wax residue in 100-200 µl fresh chloroform using a glass syringe, and transfer to a GC vial insert in a GC vial. Evaporate solvent off as above. Be very careful with the outflow of nitrogen this time; because the vial inserts are narrow, it is very easy to apply too much nitrogen and lose your concentrated sample.
6. After the solvent has dried off completely, add 10 µl pyridine and 10 µl BSTFA+TMCS to each sample using a glass syringe. Seal the GC vials tightly, and incubate for 1 h in an oven set to 80 °C.
7. Remove the vials from the oven and allow them to cool to room temperature for 1-2 min.
Evaporate off the solvent again as above.
Note: Pyridine, BSTFA, and TMCS will evaporate much more slowly than chloroform. Therefore, you will need to multiply the 2D area by pi to obtain the surface area for the entire stem.
11. After the GC has finished running your samples, download your data. Typically, a wildtype sample will be run through GC/MS using the same program as for GC/FID so that you can determine the chemical identities of each of the peaks in your trace from GC/FID. Alternatively, you can compare the peaks in the GC/FID chromatogram from your wild-type sample to a chromatogram where the peaks have been identified, and determine the exact retention times that you expect for each monomer on your system. Identify the peaks for the wax monomers you are interested in, and the internal standard, and copy their retention times and peak areas into a Microsoft Excel spreadsheet.
Repeat this for all of your replicates and different genotypes. 12. 10 µg tetracosane standard was added to each sample. Therefore, you can use a ratio with the tetracosane standard mass and peak area and the peak area of each of your wax monomers to determine the mass of each monomer for every sample. Finally, the amount of each monomer is divided by the sample area, so that you express wax monomer amount in µg/cm 2 for stems, or µg/dm 2 for leaves. If you include all wax monomers in your analysis, you can tally these values to determine the total wax load for each sample.
